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Abstract 
According to the new characters of information age warfare, a net-model based method of TVA is put forward. The 
individual target value(ITV) is analyzed based on multi-level fuzzy comprehensive evaluation, the net target 
value(NTV) is analyzed using a method based on topological potential, and the final target value(FTV) is acquired 
through combining the prior two value parts using a method based on clustering coefficients of networks. The result 
of a arithmetic sample testify that the method proposed can serve for the target selecting problem of information age 
warfare.
© 2011 Published by Elsevier Ltd. 
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1. Introduction
An important issue of information-based System-of-Systems combat is that the most important targets
must be found and attacked first, reasonable choice of targets is the key factor that determines whether we 
can achieve the key strategic objectives with little cost rapidly.One improtant  principle of targeting is 
checking the value of the targets. The effectiveness of the method of target value analysis (TVA) 
determines the correctness of the targeting result. 
Several methods were proposed for TVA(e.g. [1,2,3,4,5]), which considered the targets as independent 
individuals. However, there are many links between targets in the battlefield, though the links may be 
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different from each other. Through these links, a list of  targets  constitute a target system.The value of 
one target is affected by both the target itself and the target system which the target participate in. 
The contribution of this paper is as follows. We previde a new method of TVA for the information-
based System-of-Systems combat, and this method is more consistent with the actual compared with the 
existing methods, and is helpful for reasonable choice of targets, in trun, will contributes to the precision 
striking activity in military operation. 
The rest of the paper is organized as follows. Section 2 presents the details of the net-model based 
method of TVA, which contains three algorithms that will be detailed. In Section 3, a real appliction of 
the method is illustrated. Finally, we offer some conclusions and remarks in Section 4. 
2. Method 
The Net-Model based method of TVA contains three steps: 
Step 1, the nature information about the target is analysed inorder to gain the rank of individual target 
values, that’s the ITVA. 
Step 2, based on the result of step1, the topology of the target system is  analysed, through which we 
can get the rank of the net target values, that’s the NTVA. 
Step 3, based on the results of the formal steps, considering the actual situation of the operation, the 
rank of the final target values can be calculated, that’s the FTVA. 
2.1. ITVA 
Many pepole have studied on methods of ITVA (e.g. [6,7]), in this paper, we make some 
improvements reference to Hu’s method([8]), we change his method of calculating the weight coefficient 
of factors, based on deviation correction. 
deviation is an important indicator of the degree of differences[9]. The weight coefficient of one factor 
should be 0 if all of the targets have the some value on the factor(no difference), because the factor will 
not contribute to the result of the rank of target value. On the contrary, those factors on which the targets 
are quite different from each other should have high weight coefficient, because these factors have a 
significant impact on the result.  
Assumption that decision-makers have set a vector of weight coefficient for all the factors, 
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Where ,  is the number of factors, n  is the number of targets, and is the element of the 
membership matrix between targets set and factors set.  
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Then the weight coefficient of factor  is, ju
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2.2. NTVA
The network constructed by targets can be depicted by a graph. A target network graph has a few of 
nodes that represent the targets, and the edges in the graph mean that two targets has relation with each 
other. A target network graph is a simple graph, an undirected graph, a node - edge weighted graph, the 
weight of each edge is decided by the degree of the relationship between the related targets, and the 
weight of one node is exactly the  individual target value. 
The concept of  topological potential is proposed based on the thoery of data field in cognitive 
physics[10]. The topological potential of one target describe the relationship between the target itself and 
the all the adjacent nodes. More powerfull the relationship is, the higher the value of the topological 
potential is.
Consider a network ,  is an Non-empty finite set of the nodes, ( ),G V E= ( 1, , nV v v= L )
E V V∈ ×  is the set of the edges,  E m= .
We propose a algorithm to calculate the net target value based on node topological potential. Consider 
the mass of the two sides of the edge based on formula (1), 
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where ,  can be replaced by im jm self ivalue  and self jvalue , is the weighted shortest path,  is 
a coefficient used for controling the sphere of influence of every node, then  is the net target value. 
So we have the formula to calculate the net target value, 
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The step of the algorithm for NTVA: 
Step 1  calculate the indivdial target values; 
Step 2  calculate the length of the shortest pathes between each pair of nodes; 
Step 3  calculate the net target values using formula  (5) based on the results of Step 1 and 2. 
One of the key steps in the algorithm is how to calculate the length of the shortest pathes between each 
pair of nodes, here we use the method of Disjkstra, as the weight of each edge indecates the degree of the 
relationship between the related targets, the shortest path should be the  path in which the product of the 
weights of the edges is the largest, so we make a conversion for the weight of the edge before using the 
method of Disjkstra. 
' lgij ijω = − ω                                                                     (6)
In this way, calculating the product of the weights of the edges is changed into calculating the sum of 
the new weights, which meets the requirements of the method of Disjkstra. An inverse transformation, 
, is taken to gain the final result of the shortest path. 
'
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2.3. FTVA 
In this paper, we propose a method to integrate the two parts of target value based on the clustering 
coefficient of the network. The clustering coefficient is a measure of degree to which nodes in a graph 
tend to cluster together. [11], which is an important parameter of one network. The clustering coefficient 
of one node can be expressed as the ratio of the actual number of the edges between the node and the 
adjacent nodes and  the possible maximum number, 
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where is the actual number of the edges,  is the degree of one node.  il ik
The clustering coefficient of the network is the arithmetic mean of the clustering coefficient of all the 
nodes, 
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The final value of one target is calculated through weighted sum of the two parts of target value, 
                                         (9)( , Tself netValue Value Value ω= )×
)where ( ,self netω ω ω=  is the vector of weight coefficient of  two parts of target value. selfω
neω ωindicates the ratio of the individual value part while  indicates the net value part, ,
in particlar, targets are ranked by the individual target value when and . On the 
contrary,  targets are ranked by the net target value when and .  is differrent  
under different application. 
netω 1self t+ =
0t =1selfω =
0 netω
neω
1 ωselfω = =
Within the two parts of target value, the individual part become more important when the nodes of one 
network is more likely to cluster together and the  clustering coefficient is big, while the net part become 
more important when the nodes of one network is less likely to cluster together and the  clustering 
coefficient is small, so the clustering coefficient of the network can be used as the vector of the weight 
coefficient of two parts of target value, 
( )  (, ,1self net C Cω ω ω= = )−                                               (10)
The step of the algorithm for target value integrating: 
Step 1   calculate the clustering coefficients of each node using formular  (7); 
Step 2   calculate the clustering coefficients of the network using formular  (8); 
Step 3   calculate the vector of weight coefficient using formular  (9); 
Step 4   integrate the two parts of target value using formular  (10); 
3. Illustration 
3.1. A scenario 
It is investigated by the red that the communication system of the blue army is composed of 20 nodes, 
whose intelligence is known already, the topology of the network is depicted in Fig.3, the weights of the 
edges represent the The average traffic between the two neighboring nodes. The red intends to destroy 
the enemy’s communication system using the conventional missiles, now it’s demanded that the rank of 
the target values of all the 20  nodes of the communication network should be known.  
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Fig. 1. Topology of the network 
3.2. Results and  discussion 
The ITV, NTV and FTV of the 20 nodes are calculated, and the result is shown in Table.1. The rank of 
the target values is 9>12>3>5>8>11>6>17>16>15>20>13>19>18>4>14>7>1. 
Table 1.The calculation results 
No. ITV NTV FTV No. ITV NTV FTV No. ITV NTV FTV No. ITV NTV FTV 
1 0.534 0.117 0.255 6 0.530 0.451 0.477 11 0.412 0.527 0.489 16 0.453 0.352 0.386 
2 0.468 0.253 0.324 7 0.534 0.160 0.284 12 0.499 0.871 0.748 17 0.830 0.206 0.413 
3 0.711 0.650 0.670 8 0.288 0.738 0.588 13 0.605 0.250 0.368 18 0.530 0.276 0.361 
4 0.591 0.196 0.327 9 0.678 0.835 0.783 14 0.546 0.167 0.293 19 0.381 0.351 0.361 
5 0.533 0.117 0.649 10 0.619 0.590 0.599 15 0.403 0.373 0.383 20 0.728 0.202 0.377 
According to the data in Table 1, a map for comparing the ITV, NTV and FTV is drawn (see Fig.4(a)). 
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Fig 4. (a) camparison of  ITV, NTV and FTV (b) camparison of  the difference between  ITV and FTV, NTV and FTV 
It can be seen in Fig.4 (a) that the FTV is an effective balance of ITV and NTV, take several 
representative nodes for example, node 17 and 20 have the highest ITVs, but their FTVs are not so high 
as their NTV is much lower, on the contrary, the high NTV of node 8 makes up the shortcoming of 
it’slow ITV.  
Another map for comparing the difference between ITV and FTV,  NTV and FTV is drawn (see 
Fig.4(b)), from which  we can see that the FTV is more close to NTV, the reason is that the clustering 
coefficients of the network is 0.332, a network with the smaller clustering coefficients is more likely be 
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paralyzed when some key nodes are destroyed, which indicates that the NTV of one node means more 
than it’s ITV. 
4. Conclusions and future work 
In this paper, we propose a new method of TVA, it’s considered that the value of one target is divided 
into two parts, the ITV part and NTV part. Traditional method of TVA focus on ITV only while ignoring 
the  NTV, which we think has limitations for practical application. The method we proposed calculates 
ITV and NTV separately and then integrates the two parts, the FTV we get at last is a balance between 
ITV and NTV. The illustration in section 4 illustrates that the method is effective for the information-
based System-of-Systems combat, and our work  has theoretical and practical value. Our further work 
will focus on studying the the dynamic characteristics of  TVA as topology of a network is changing. 
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